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Description of the subject. This paper discusses the influence of amplicon length on real-time PCR results.
Objectives. The aim of the experiments was to show that amplicon size has an influence on detection.
Method. Tests were performed on genomic and plasmid DNA. Double-dye probes and SYBR® Green were used for detection 
by real-time PCR. Primers were selected in order to produce fragments with increasing sizes. Experiments dealt with two 
targets: an endogenous target for soybean (part of the lectin gene) and a transgenic target (junction P35S-CTP of the MON40-
3-2 soybean).
Results. The results show that the kinetics of amplification curves evolve as a function of amplicon length, and smaller 
amplicons yield a higher level of fluorescence for the plateau phase. DNA degradation within the sample as well as the 
principles of fluorescence acquisition as a function of the chemistry used can also be factors. 
Conclusions. It was experimentally shown that the observed effect is linked to the suboptimal elongation temperature used in 
real-time PCR. Detection using SYBR® Green is less impacted as the loss of efficiency is partially compensated by the greater 
integration of SYBR® Green molecules in the larger fragments.
Keywords. GMO, real-time PCR, SYBR® Green, probes, primers, amplicon size.

Influence de la taille de l’amplicon sur les résultats obtenus par PCR en temps réel
Description du sujet. Cet article traite de l’influence de la taille de l’amplicon sur les résultats obtenus par PCR en temps réel.
Objectifs. Le but des expériences menées vise à montrer que la taille de la région ciblée a une influence sur la détection.
Méthode. Les expériences ont été réalisées sur de l’ADN génomique et plasmidique. Les techniques d’amplification par 
PCR en temps réel ont été effectuées soit au moyen de sondes d’hybridation ou de SYBR® Green. Des amorces ont été 
sélectionnées de manière à produire des fragments de tailles croissantes. Les expériences ont été réalisées sur deux cibles : 
une cible endogène au soja (portion du gène de la lectine) et une cible transgénique (jonction P35S-CTP de la construction du 
soja MON40-3-2).
Résultats. Les résultats ont montré que la cinétique d’amplification évolue en fonction de la taille de l’amplicon et que les plus 
petits amplicons atteignent un plus haut niveau de fluorescence en phase plateau. L’utilisation d’un ADN dégradé ainsi que la 
chimie utilisée ont un impact sur les résultats.
Conclusions. Il a été démontré expérimentalement que l’effet observé est lié à la température d’élongation suboptimale utilisée 
en PCR en temps réel. Le format de PCR utilisant le SYBR® Green est cependant moins impacté car la perte d’efficience est 
partiellement compensée par l’intégration d’un nombre de molécules de SYBR® Green plus important dans les plus grands 
fragments.
Mots-clés. OGM, PCR en temps réel, SYBR® Green, sondes, amorce, taille des amplicons.

1. INTRODUCTION

Genetic modified organisms detection in agrifood 
products can be subject to difficulties due to food 
processing techniques, inducing DNA degradation and 
reduction into smaller DNA pieces (Meyer et al., 1996; 
Gryson et al., 2010). In processed products, DNA 
integrity is a limiting factor for extraction. Problems 

may also arise during DNA amplification. Inhibitors 
may for instance hinder the progress of amplification 
(Kontanis & Reed, 2006; Opel et al., 2010). Therefore 
the choice of appropriate primers is a determining 
factor. 

Couples of primers may present different 
efficiencies and the formation of primer-dimers 
(Miller et al., 1996) must be minimized during primer 
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selection, using programs providing support for primer 
design. The formulation of reagents is another factor 
that can affect the sensitivity of the reactions (Farriol 
& Orta, 2005).

Most companies providing tools or reagents 
(Applied Biosystems, 2005; Bio-rad Laboratories, 
2006; Qiagen, 2011) state that amplicon size plays 
a role in amplification efficiency by real-time PCR. 
They generally recommend the use of relatively short 
amplicon lengths, in the range of 50 to 150 base pairs 
(bp). To the best of our knowledge, no study has clearly 
demonstrated such an influence using real-time PCR 
chemistries. 

The use of real-time PCR also makes it possible 
to amplify targets with a size below 100 bp. Such 
amplifications are more difficult with classical PCR 
systems due to the fact that such small fragments are 
less easy to visualize on an agarose gel of the kind 
used in classical PCR. Such visualization is possible 
by the integration of ethidium bromide molecules 
between the two DNA strands, which is evidenced 
by the fluorescence emitted under UV exposure. 
As the integration of ethidium bromide is directly 
proportional to the DNA fragment length, the longer 
the fragments, the more visible they are. In real-time 
PCR too, chemistries used for DNA detection may 
also have an impact on sensitivity. There are two main 
chemistries used: intercalating agents and the double-
dye (TaqMan®) probes format.
– SYBR® Green format: SYBR® Green, like 

ethidium bromide, is a molecule with 
an affinity for double-stranded DNA; 
its fluorescence is largely enhanced 
once it is bound to the major groove of 
DNA (Higuchi et al., 1993). SYBR® 
Green is used in real-time PCR 
to monitor amplification kinetics, 
because the fluorescence increases 
in proportion to the number of 
amplicons (Ririe et al., 1997). During 
the denaturation step, all SYBR® 
Green molecules intercalated between 
the two strands are released and used 
again at the next amplification cycle 
(Figure 1). Technical data sheets 
claim that SYBR® Green can be 
approximately 25-100 times more 
sensitive than ethidium bromide 
staining (Invitrogen, 2006). 

– Double-dye probes: in real-time PCR 
with double-dye probes like TaqMan® 
probes, detection is performed 
through fluorescence emitted by the 
dyes released due to the exonuclease 
activity of Taq polymerase (Holland 
et al., 1991). Double-dye probes 

cannot be used again once they have been degraded 
by exonuclease activity of the Taq polymerase. The 
fluorescence produced by the cleavage of new probes 
is added to fluorescence acquired during previous 
cycles (Figure 2). Fluorescence is thus not a direct 
measurement of the number of amplicons of the last 
cycle, but cumulatively reflects the fluorescence 
generated during all previous cycles. 

The sensitivity of detection by a well-designed 
real-time PCR test in comparison with a classical PCR 
test can be explained by the fact that fluorescence is 
measured by a CCD (charge coupled device) camera 
and is more sensitive than end-point detection PCR with 
agarose gel electrophoresis. The second explanation is 
linked to the size of the amplified fragments. Targets 
in real-time PCR can be very short and generally do 
not exceed 120 bp. This is very useful for detecting 
the target when DNA is degraded. In classical PCR, 
fragments are generally longer to ensure easier 
visualization on agarose gel.

In this study the influence of amplicon length on 
PCR yield in real-time PCR was analyzed, to show that 
the advantage of using small targets for GMO detection 
is linked to an intrinsic real-time PCR property.

2. MATERIALS AND METHODS

The samples used were commercial feed samples and 
certified reference materials (CRMs). The CRMs were 

Figure 1.  Increasing of the fluorescence in SYBR® Green format of real-time 
PCR (example for one molecule of SYBR® Green integrated; the number of 
molecules integrated depends on the length of the amplicon). The fluorescent 
signal is reconstituted at each cycle — Augmentation de fluorescence en PCR 
en temps réel avec SYBR® Green (exemple illustré pour une molécule de 
SYBR® Green ; la quantité de molécules intégrées dépendant de la longueur 
de l’amplicon).

              1 molecule
1 cycle
       21 = 2 molecules
2 cycles
       22 = 4 molecules
3 cycles
       23 = 8 molecules
4 cycles
       24 = 16 molecules

ncycles

            2n molecules

Example: 40 cycles of amplification ➱ 240 = 1.099.510.000.000 molecules 
(emitted fluorescence to multiply by the number of molecules intercalated 
between the two DNA strands)
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developed by the Institute for Reference Materials and 
Measurements (IRMM, Geel, Belgium) and consisted 
of dried soybean powder (IRMM 410) containing mass 
fractions at 5%, 2%, 1% and 0.1% of Roundup Ready 
soybean (event MON40-3-2).

Assays were also performed on plasmid DNA. The 
plasmid pl-RR used contains a 528 bp fragment issued 
from the Roundup Ready construction. This fragment 
was inserted in pCRII plasmid with the TOPO TA 
cloning kit (Invitrogen, Merelbeke, Belgium). The 
pl-Lec plasmid was built at CRA-W in a similar way 
and contains a 501 bp fragment of the lectin gene.

DNA isolation on feed and CRMs was performed 
with the Wizard Magnetic DNA Purification System 
for Food kit (Promega, Madison, USA) on a test 
portion of 50 mg. DNA was eluted in 150 µl of elution 
buffer. Extraction was performed on the King Fisher 
robot (Thermo Fisher, Hampshire, UK). Between 10 
and 100 ng were used in the PCR tests, corresponding 
to the quantity of DNA generally introduced in PCR 
tubes for routine analysis. The quantities used may 
therefore be different from one sample to another. 
However, the quantities used are always identical for 
the same sample, making it possible to compare Cq 
values in order to assess the effect of amplicon size.

Plasmid DNA was isolated from bacterial cultures 
with the High Pure Plasmid Isolation kit from Roche 
Diagnostics (Mannheim, Germany). Plasmids were 
linearized with BamHI enzyme (Roche Diagnostics, 
Mannheim, Germany) and products of linearization 
were purified with the last steps of a Phenol-Chloroform 
extraction (Sambrook et al., 1989).

2.1. Oligonucleotides

Primers were synthesized by Invitrogen 
(Merelbeke, Belgium). Probes were 
synthesized by Eurogentec (Seraing, 
Belgium). The probes were labeled 
with the reporter dye FAM at the 5’ 
end and the quencher dye TAMRA at 
the 3’ end. Primers were chosen with 
Primer Express program v2.0 (Life 
Technologies, Foster City, CA). Primer 
and probe sequences are presented in 
table 1.

2.2. PCR conditions. 

Real-time PCR reactions (35 µl) were 
performed in triplicate on ABI5700 
and ABI7000 PCR machines (Life 
Technologies, Foster City, CA) with 
the qPCR Mastermix (Eurogentec, 
Seraing, Belgium). At 17.5 µl of Master 
Mix, we added 2.5 µl of each primer 
(5 µM), 2.2 µl of probe (9 µM), 5.3 µl 
of bidistilled water and 5 µl of DNA. 

Reaction mixes were distributed in a 96-well 
reaction plate (Eurogentec). The wells were covered by 
optical caps (Eurogentec). The plates were centrifuged 
(500 rpm, 10 s) to eliminate any air bubbles at the 
bottom of the wells.

PCR conditions were as follows: 2 min at 50 °C, 
10 min at 95 °C and 50 cycles of 15 s at 95 °C and 
1 min at 60 °C. At the end of the run, the baseline (the 
normalized fluorescent signal before exponential PCR 
amplification occurs) was adjusted and a threshold 
level of fluorescence was fixed in the middle of the 
linear region of the amplification curve represented in 
a semi-logarithmic graph (Y-axis with log fluorescence 
level as a function of cycles). This allowed the Cq 
values (Quantitation Cycle, sometimes also referred to 
as the Ct value, for Cycle threshold) of the different 
samples to be compared. 

2.3. Targets

Two target types are generally searched for in GMO 
detection: a fragment of the transgenic element 
inserted in the plant (NCBI accession AB209952) and 
an endogenous target specific to the tested plant.

The primers and probe used here for Roundup 
Ready soybean (RR) detection target the P35S-CTP 
junction (Bruderer & Leitner, 2003) and amplify a 
fragment of 83 bp. The primers were developed in 
order to progressively increase the amplicon size. The 
forward primer was conserved and the reverse primers 
were moved in steps of +/- 40 bp in order to increase 

Figure 2. Increasing of fluorescence in double-dye format of real-time PCR 
(one fluorescent molecule is released by the amplicon produced). The signal 
is cumulative — Augmentation de fluorescence en PCR en temps réel avec 
sondes d’hybridation. Le signal est cumulatif.

                 0 molecule
     1 cycle
                              1 molecule
   2 cycles
                21 + 20 = 3 molecules
   3 cycles
         22 + 21 + 20 = 7 molecules
   4 cycles
 23 + 22 + 21 + 20 = 15 molecules

  ncycles

          (2n) - 1 molecules
Example: 
40 cycles of amplification ➱ (240) - 1 = 1.099.509.999.999 molecules

(2n) - 1
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the amplicon size. The forward primer was kept close 
to the probe to allow the probe to be rapidly degraded 
by the exonuclease activity of the Taq polymerase 
during the elongation step. The amplicons produced 
had sizes of 83, 121, 160, 198, 248, 319 and 362 bp for 
P35S-CTP junction (Figure 3a).

The endogenous target commonly used for soybean 
detection is the lectin gene (NCBI accession K00821). 
Here too, the amplicons were progressively increased 
to reach the following sizes: 81, 109, 158, 197, 228, 
288, 342 and 363 bp (Figure 3b).

2.4. DNA extracts

DNA extracts originate from different sources:
– Certified reference material (CRM) containing 

determined levels of Roundup Ready material. 
Soybean flours containing 1 and 5% RR soybean 
were tested with RR and lectin primers;

– DNA extracts of CRM at 2% of Roundup Ready 
soybean were physically degraded by sonication in a 
previous experiment (Debode et al., 2007) and tested 
with the primers and probes. This treatment led to a 
cleavage of DNA strands and a distribution in favor 
of small fragments;

– A commercial feed ingredient: a soybean oilcake, which 
is a very common matrix in routine GMO analyses. 
Kernels of an organic soybean were also used.

– Plasmid DNA was also amplified. This was considered 
to be like a pure nucleic acid material for which 
amplifications were deemed not to be subject to a 

matrix effect. Two different plasmids were used. The 
first plasmid, pl-Lec, contains a 501 bp fragment of 
lectin gene and the second plasmid, pl-RR, contains 
a 528 bp fragment of Roundup Ready construction 
including left border plant-P35S junction (Windels et 
al., 2001) up to the P35S-CTP junction. Sequences of 
the largest fragments amplified with primers from this 
study were inside the cloned fragments.

Experiments were performed in order to evaluate size 
influence on GMO detection by real-time PCR. In order 
to compare the results, all amplifications for lectin or RR 
targets were performed simultaneously for a determined 
matrix. Comparison between the two chemistries was 
performed on identical quantities of DNA per sample 
and with the data from a same run. This was done by 
selecting the appropriate filters on real-time PCR 
apparatus and applying a dissociation protocol at the 
end of the run. This had no effect on PCR amplification 
with double-dye probes but made it possible to observe 
dissociation curves for amplifications performed with 
SYBR® Green format. Cq values were determined by 
fixing a threshold level within the logarithmic part of the 
amplification curves. Means of Cq values are presented 
in the different tables.

3. RESULTS

In real-time PCR with TaqMan® probes, the amplicon 
size directly influenced detection: the larger the 

Table 1. Sequence of primers and probes — Séquence des amorces et des sondes.
Target Primers and probes Name Sequence 5’3’
Roundup Ready 
construction
(transgenic target)

Forward primer RR-F GCC ATG TTG TTA ATT TGT GCC AT
Probe RR CTT GAA AGA TCT GCT AGA GTC AGC TTG TCA GCG
Reverse primers RR83pb-R

RR121pb-R 
RR160pb-R
RR198pb-R
RR248pb-R
RR282pb-R
RR319pb-R
RR362pb-R

GAA GTT CAT TTC ATT TGG AGA GGA C
ATC CCA CTA TCC TTC GCA AGA C
TTG ATG TGA TAT CTC CAC TGA CGT AA
AAA GAA GAC GTT CCA ACC ACG T
CCG ACA GTG GTC CCA AAG AT
GAT AAA GGA AAG GCC ATC GTT G
GGA AAA GGA AGG TGG CTC CTA
AAG ATC ATA CAT ACA GGT TAA AAT AAA CAT AGG

Lectin gene 
(endogenous target)

Forward primer Lec-F TCC ACC CCC ATC CAC ATT T
Probe Lectin AAC CGG TAG CGT TGC CAG CTT CG
Reverse primers Lec81pb-R

LEC109pb-R
LEC158pb-R
LEC197pb-R
LEC228pb-R
LEC288pb-R
LEC342pb-R
LEC363pb-R

GGC ATA GAA GGT GAA GTT GAA GGA
GCC CAT CTG CAA GCC TTT
CCT GCA TGT GTT TGT GGC TTA
TGA TCA CCA GAC TCG TTT TCG
CCG GAA AGT GTC AAA CTC AAC A
GAT GGA TCT GAT AGA ATT GAC GTT AAT
GGT AAT GAG AAC CTT GGC TAC TTT ATT
GAG GCT GGT GGA GGC ATC AT
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amplicons, the later the detection (Tables 2 
and 3). 

Amplification curves of the P35S-
CTP junction region for 5% RR CRM 
obtained with the different primer pairs are 
presented in linear mode in figure 3. Earlier 
detection (lower Cq value) and a higher 
fluorescence level (plateau phase) were 
generally observed for shorter amplicons 
(Figure 4). Another observation was the loss 
of efficiency when larger amplicons were 
targeted. The efficiency of amplification 
was evaluated through the raw data of 
fluorescence obtained for the construction 
of the amplification curves (data accessible 
on the ABI7000 real-time PCR device) and 
calculated for three different samples: DNA 
from reference flour at 0.1% RR, DNA 
from a commercial feed sample containing 
RR soybean and 8 h sonicated DNA from a 
reference flour at 2% RR. 

The efficiency of amplification was around 
100% for the targets of 83 and 121 bp, and 
as the amplicons were elongated, efficiency 
showed a decreasing trend, reaching around 
70% for the 0.1% RR and the commercial feed and as 
low as 50% for the sonicated DNA (values given for 
the target at 362 bp). 

These results also show that the use of larger 
fragments could impact the limit of detection and that 
targets present at low levels could not be detected due 
to the loss of efficiency.

Figure 3. Position of primers and probes used — Position des amorces et sondes utilisées.

a. Roundup Ready construction

b. Lectin gene

CTP Promoter 35S Plant DNA

83 bp
121 bp
160 bp
198 bp
248 bp
282 bp
319 bp
362 bp

81 bp
109 bp
158 bp
197 bp
228 bp
288 bp
342 bp
363 bp

Figure 4. Amplification curves obtained with the same double-dye probe 
on Roundup Ready construct targets of increasing size — Courbes 
d’amplification obtenues avec des cibles de tailles croissantes et avec 
une même sonde d’hybridation sur un fragment de la construction 
Roundup Ready.

1

0.8

0.6

0.4
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Rn
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Despite modifications of the reaction mix (e.g. 
increases in the concentration of nucleotides, primers 
or probes), no improvement was obtained (not shown). 
For one of the targets (RR target) however, the 
198 bp fragment was sometimes detected earlier than 
the 160 bp target. This was probably due to a better 
combination of primers for this 198 bp target.

Experiments were also performed on the 
endogenous target for soybean, the lectin gene. Primers 
were selected according to Primer Express software 
requirements, so it was not always possible to change 

the position of reverse primers by exact steps of 40 bp. 
Experiments were performed with probes and SYBR® 
Green and similar conclusions to those obtained with 
P35S-CTP targets can be drawn when considering the 
results of the real-time PCR with TaqMan® probes 
(Table 3). With SYBR® Green the effect of a later 
detection of larger amplicons can be observed too, but 
is again less pronounced (Table 3).

Results for CRM at 1% RR, soybean oilcake and 
4 h sonicated DNA with the lectin targets are presented 
in table 3. The matrix effect is clearly visible on DNA 

Table 2. Quantitation cycle values (n = 3) for genomic DNA extracts each amplified by means of the set of different primer 
pairs targeting amplicons with a growing size and focused on the transgenic construct (real-time PCR performed by using 
double-dye probes) — Valeurs du cycle de quantification (n = 3) des extraits d’ADN amplifiés avec des amorces ciblant des 
fragments de tailles croissantes et visant un fragment de la construction transgénique RR (PCR en temps réel effectuée avec 
des sondes d’hybridation).
Amplicon size for
RR target (bp)

CRM at 5% RR Feed containing Roundup 
Ready soybean

CRM at 0.1% RR 2% RR sonicated 
for 8 h

Cq Std dev Cq Std dev Cq Std dev Cq Std dev
  83 32.28 0.10 29.95 0.07 38.97 0.42 30.65 0.54
121 32.37 0.39 29.02 0.51 39.33 0.62 31.26 0.64
160 33.26 0.97 30.13 0.48 39.74 1.02 33.97 0.42
198 33.16 0.95 29.98 0.25 40.15 1.15 34.79 0.84
248 33.99 0.08 31.49 0.11 40.25 0.53 35.92 0.24
282 34.59 0.32 30.79 0.32 40.68 1.14 37.28 0.28
319 35.00 0.39 31.26 0.14 41.12 1.38 38.96 0.63
362 38.12 1.08 34.23 1.20 43.07 1.52 46.28 1.09
RR: Roundup Ready; Std dev: standard deviation — déviation standard.

Table 3. Quantitation cycle values (n = 3) for genomic DNA extracts each amplified by means of the set of different primer 
pairs targeting amplicons with a growing size and focused on the lectin gene (real-time PCR performed by using double-dye 
probes and SYBR® Green) — Valeurs du cycle de quantification (n = 3) des extraits d’ADN amplifiés avec des amorces 
ciblant des fragments de tailles croissantes et visant un fragment du gène de la lectine (PCR en temps réel effectuée avec des 
sondes d’hybridation et en SYBR® Green).
Amplicon
size for 
lectin (bp)

CRM at 1% RR Soybean oilcake DNA of CRM 2% RR sonicated 
4 h

TaqMan® SYBR® Green TaqMan® SYBR® Green TaqMan® SYBR® Green
Cq Std dev Cq Std dev Cq Std dev Cq Std dev Cq Std dev Cq Std dev

  81 28.69 0.80 23.35 0.36 24.09 0.17 21.29 0.04 22.40 0.64 20.18 0.14
109 28.69 0.54 23.77 0.33 25.01 0.42 21.34 0.14 24.25 1.33 20.27 0.34
158 29.01 0.85 23.49 0.43 25.47 0.17 21.60 0.05 25.88 1.28 20.88 0.19
197 29.21 0.28 23.72 0.05 26.09 0.19 21.95 0.15 27.79 0.56 21.87 0.20
228 30.84 0.72 22.70 0.21 26.49 0.21 21.78 0.15 28.04 0.20 22.27 0.51
288 30.72 0.07 24.08 0.20 28.07 0.31 23.15 0.07 29.76 0.55 24.47 0.18
342 31.02 0.25 23.84 0.04 29.56 0.41 23.45 0.07 30.71 0.80 24.67 1.90
363 31.76 0.60 24.38 0.05 29.34 0.23 23.10 0.08 32.28 1.74 24.74 0.24
RR: Roundup Ready; Std dev: standard deviation — déviation standard.
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extracts sonicated for 4 or 8 h (Tables 2 and 3). The 
Cq shift between the 83 bp and the 362 bp amplified 
fragment was about 11 cycles for a 4 h sonicated 
sample, and about 15.5 cycles for an 8 h sonicated 
DNA. The more the sample is damaged, the greater the 
influence of an increase of Cq value on large targets. 
This is linked to a less abundant number of large targets 
in highly damaged samples (Debode et al., 2007).

In order to avoid the possible matrix effect, the 
influence of the target length on the signal was also 
studied with plasmids. In table 4, the increase of Cq 
value as a function of amplicon size in the double-
dye probe format is observed. In SYBR® Green 
format, the influence was only visible with the 362 bp 
fragment. 

4. DISCUSSION

Based on theoretical considerations linked to the 
fact that larger fragments should integrate a greater 
number of SYBR® Green molecules, one would 
expect a brighter signal when the target size increases. 
Theoretically, the results obtained in SYBR® Green 
should be opposite to those obtained with double-dye 
probes: the longer the amplicon, the more SYBR® 
Green molecules can intercalate between the two DNA 
strands. This differs from the double-dye system, where 

a single probe can hybridize between the two primers 
and where a single fluorophore emitting fluorescence is 
released, whatever the target size.

When targets with an increasing size of fragments 
were amplified in real-time PCR, it was noted that the 
impact of the size increase on the Cq value was less 
pronounced in SYBR® Green format than with double-
dye probes (Tables 3 and 4). However, SYBR® Green 
amplification of larger fragments did not lead to earlier 
detection as expected in theory. The target size effect 
was less visible than with double-dye probes because 
incorporation of a larger amount of SYBR® Green 
molecule in longer targets partially compensates for 
the lower levels of amplicons produced.

Results obtained on non-damaged DNA (a template 
containing 100,000 copies of plasmid pl-RR) are 
presented in table 4: they show a similar upward trend 
in Cq value when the target size increases, which can 
no longer be due to a matrix effect.

The possible influence of a non-optimal elongation 
step of the thermal program for the larger amplicons 
was checked to explain the observed phenomenon. 
The synthesis rate of the Taq polymerase is 
60-150 nucleotides of elongation per second at 
70-75 °C (Burrell, 1993). The velocity of the enzyme 
could be influenced by the concentrations of substrate 
and enzyme as well as temperature, based on the 
Michaelis-Menten principles (Schnell & Mendoza, 
1997). Real-time PCR generally uses an extension 
temperature of 60 °C (or at least lower than 72 °C). 
This is due to the fact that, with TaqMan® probes, the 
probe has to remain bound during elongation in order 
to be degraded by the exonuclease activity of the Taq 
and to release the reporter dye, whose fluorescence 
will be measured by the real-time PCR thermocycler. It 
was also shown that it was possible to synthesize large 
fragments at 60 °C (Su et al., 1996) without adding 
time to the extension step. 

To check the influence of the elongation step in our 
case, two modifications were made to the initial real-
time PCR program used for the experiments (1 min 
at 60 °C for the hybridization and elongation steps). 
The first consisted of an increase of the hybridization/
elongation step to 3 min at 60 °C, while the second 
consisted of an addition of 1 min at the optimum 
temperature of 72 °C after the minute at 60 °C. Tests 
were realized on genomic (Table 5) with the lectin 
target and showed a similar trend as described above, 
but the effect was less marked with a longer elongation 
step. This suggests that the loss of efficiency in real-
time PCR with larger targets might be due to the fact 
that elongation at 60 °C is less rapid and will not 
always result in completed products that can be used as 
templates in further amplifications.

Use of a lowered elongation temperature of for 
instance 60 °C instead of 72 °C in real-time PCR is 

Table 4. Quantitation cycle values (n = 3, ± 100,000 copies 
of pl-RR in each reaction) for plasmid DNA amplified 
by means of the set of different primer pairs targeting 
amplicons with a growing size and focused on the cloned 
transgenic construct (real-time PCR performed by using 
double-dye probes and SYBR® Green) — Valeurs du 
cycle de quantification (n = 3, 100 000 copies de pl-RR 
dans chaque réaction) des extraits d’ADN plasmidiques 
amplifiés avec des amorces ciblant des fragments de 
tailles croissantes et visant un fragment de la construction 
transgénique RR (PCR en temps réel effectuée avec des 
sondes d’hybridation et en SYBR® Green).
Amplicon size for 
RR target (bp)

TaqMan® probes SYBR® Green
Cq Std dev Cq Std dev

  83 23.85 0.30 18.07 0.19
121 24.12 0.43 18.07 0.16
160 25.34 0.33 18.07 0.11
198 24.88 0.05 18.26 0.06
248 25.80 0.45 18.07 0.28
282 26.07 0.36 18.53 0.11
319 26.16 0.37 18.33 0.15
362 28.91 0.19 22.21 0.24
RR: Roundup Ready; Std dev: standard deviation — déviation 
standard.
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crucial when the double-dye format is used, because 
the probe should still remain hybridized to its target 
when elongation starts. Therefore the results shown 
here indicate that when designing a real-time PCR in 
the double-dye format it is highly recommended to 
use targets which are as short as possible, especially if 
the elongation temperature lies far from the optimum 
temperature of the Taq polymerase used. Otherwise, an 
alternative is to set elongation time to a sufficiently long 
period to allow all templates targeted by the PCR test 
to be copied completely. This effect is less pronounced 
with SYBR® Green, but here too, especially if 
damaged DNA is used, it is better to use small targets.
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